A Gram-stain-negative, non-motile, yellow-pigmented bacterium, designated strain IMCC27201 T , was isolated from an artificial freshwater pond (Inkyong) in Korea. Growth of strain IMCC27201 T occurred at 10-37 C (optimum, 30 C), at pH 7.0-8.0 (optimum, pH 7.0) and with 0-0.25 % (w/v) NaCl (optimum, 0 %). Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain IMCC27201
The genus Flavobacterium was proposed by Bergey et al. [1] and the description was later emended by Bernardet et al. [2] , Kang et al. [3] , Joung et al. [4] and Kuo et al. [5] . Members of the genus Flavobacterium have been isolated worldwide from a number of habitats such as freshwater [3, 4, 6] , freshwater sediment [7, 8] , marine sediment [9] , glacier ice [10] , soil [11] [12] [13] , Antarctic habitats [14, 15] , fish [16] and a wastewater treatment plant [17] . Most Flavobacterium species are oxidase-and catalase-positive, aerobic, and produce yellowish colonies and flexirubin-type pigments [18] . The genus Flavobacterium contains phosphatidylethanolamine and menaquinone-6 (MK-6) and shows DNA G+C contents in the range 30-52 mol% [5] . In the present study, strain IMCC27201
T , isolated from a freshwater pond, was investigated following a polyphasic taxonomic approach. Based on data from physiological, chemotaxonomic and phylogenetic analyses, it is proposed that strain IMCC27201
T represents a novel species of the genus Flavobacterium.
Strain IMCC27201
T was isolated from a freshwater sample collected at an artificial pond (Inkyong), Incheon, Korea (37 26¢ 59.0 † N 126 39¢ 21.3 † E). Serially diluted freshwater samples were plated onto R2A (BD Diagnostics) medium and incubated at 25 C for 1 week. One of the isolates, IMCC27201
T , was chosen for taxonomic study, cultured routinely on R2A medium at 30 C for 3 days and preserved as a suspension in 10 % (v/v) glycerol at À80 C.
A genomic DNA extraction kit (DNeasy; Qiagen) was used to extract genomic DNA from a single colony of strain IMCC27201 T . Using the genomic DNA as template, the 16S rRNA gene of strain IMCC27201
T was amplified by PCR with the universal primers 27F and 1492R [19] and sequenced. The resultant almost-complete 16S rRNA gene sequence (1421 nt) of strain IMCC27201
T was compared with the sequences held in GenBank by BLASTN and also analysed using the EzTaxon-e server [20] . For phylogenetic analyses, the 16S rRNA gene sequence was aligned using the SILVA Incremental Aligner (SINA; www.arb-silva.de/ aligner/) and imported into the ARB software [21] . Phylogenetic trees were generated based on the neighbour-joining method [22] using the Jukes-Cantor correction with gamma-distribution, the maximum-likelihood method [23] using the Tamura-Nei model and the maximum-parsimony method [24] using Subtree-Pruning-Regrafting (SPR) with the number of initial trees (random addition) as 10, as programmed in the MEGA 6 program [25] . The robustness of the phylogenetic trees was confirmed by bootstrap analyses based on 1000 random replicates [26] .
Comparative 16S rRNA gene sequence analyses showed that strain IMCC27201
T was related most closely to Flavobacterium columnare IFO 15943 T (97.8 % sequence similarity), followed by Flavobacterium terrae R2A1-13 T (97.2 %) and Flavobacterium vireti THG-SM1 T (96.4 %). In all phylogenetic trees generated in this study, strain IMCC27201
T was placed within the clade of Flavobacterium species and thus considered to be a member of the genus Flavobacterium (Fig. 1) . Strain IMCC27201
T formed a robust clade with F. columnare IFO 15943
T and also a larger clade with F. terrae R2A1-13 T and F. vireti THG-SM1 T . This phylogenetic relationship between strain IMCC27201
T and these three Flavobacterium species was resolved in all phylogenetic trees with high bootstrap values (Fig. 1) T as the probe), which were below the 70 % recommended for the threshold value for delineating bacterial species [27] , suggesting that strain IMCC27201
T represents a separate species in the genus Flavobacterium.
Gram staining was performed using a Gram-stain kit (bioMerieux) according to the manufacturer's instruction. Cell morphology was examined by transmission electron microscopy (CM200; Philips) using cells grown on R2A agar at 30 C for 3 days. The hanging-drop method was used for the gliding motility test with phase-contrast microscopy (Nikon 80i). Cellular growth was tested on several bacteriological media (all from BD Diagnostics) at 30 C: R2A agar, nutrient agar (NA), tryptic soy agar (TSA) and marine broth 2216 agar (MA). Growth at different temperatures (4, 10, 15, 20, 25, 30, 37 and 42 C) was
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Flavobacterium ahnfeltiae 10Alg 130 T (KC247342) determined in R2A broth. The pH range for growth was investigated at pH 5.0-10.0 (at 1.0 pH unit intervals) in R2A broth at 30 C by using the following buffer systems: MES, MOPS, HEPES and CHES buffers. Salt tolerance was tested in R2A broth supplemented with 0, 0.25, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 % (w/v) NaCl for 1 week at 30 C. Growth under anaerobic conditions was investigated on R2A agar at 25 C for 1 month by using the GasPak EZ anaerobe gas generating pouch system with indicator (BD Diagnostics). Production of flexirubin-type pigments was determined by using 20 % KOH solution [28] . Catalase activity was determined by bubble production using 10 % (v/v) H 2 O 2 solution (Sigma-Aldrich) and oxidase activity was determined using 1 % (w/v) Kovac's reagent (bioMerieux). Hydrolysis of starch C after 7 days of incubation. Degradation of DNA was evaluated using DNase test agar (BD Diagnostics) and production of H 2 S was investigated using triple-sugar iron agar (BD Diagnostics). Other biochemical and physiological tests were performed using API 20NE, API ZYM (bioMerieux) and GN2 microplates (Biolog), according to the manufacturers' instructions.
The morphological and physiological characteristics of strain IMCC27201
T are given in Tables 1 and S1 , Fig. S1 (available in the online Supplementary Material) and the species description. Many physiological characteristics of strain IMCC27201
T , including absence of gliding motility, catalase activity and flexirubin-type pigment, macromolecule degradation pattern and several enzyme activities, clearly differentiated the strain from closely related Flavobacterium species (Table 1) .
To analyse the DNA G+C content of strain IMCC27201 T , a thermal denaturation fluorimetic method [29] employing SYBR Green I (Invitrogen) and real-time PCR thermocycler (iQ5; Bio-Rad) was used. Genomic DNA was extracted from cells grown in R2A broth using a genomic DNA extraction kit (DNeasy; Qiagen). The DNA G+C content of strain IMCC27201 T was 32.1 mol%, which was within the range of 30-52 mol% reported for the genus Flavobacterium [5] .
Fatty acid methyl esters of strain IMCC27201
T and the three reference strains were extracted from bacterial cultures grown on R2A agar plates in the late exponential phase (3 days at 30 C) and determined by GC (Agilent 7890 GC) using the Sherlock Microbial Identification System (MIDI) version 6.1 with the TSBA6 database [30] . [12, 13] . All strains are positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and hydrolysis of Tween 80. All strains are negative for nitrate reduction, indole production, glucose fermentation and arginine dihydrolase; lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase; hydrolysis of DNA, chitin, cellulose and Tween 20; and H 2 S production. +, Positive; À, negative. The major fatty acids of strain IMCC27201 T were iso-C 15 : 0 (31.1 %), iso-C 15 : 1 G (17.6 %) and iso-C 15 : 0 3-OH (9.5 %) ( Table 2 ). The fatty acid composition of strain IMCC27201 T was similar to those of the three reference strains of the genus Flavobacterium, but the proportions of some fatty acids such as iso-C 16 : 0 and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) were different.
Freeze-dried cells of strain IMCC27201
T grown on R2A agar at 30 C for 3 days were used to extract polar lipids and quinones. Isoprenoid quinones were extracted by TLC according to Minnikin et al. [32] and analysed using a TLC system [33] . Strain IMCC27201
T contained MK-6 as the sole respiratory quinone, which is the major respiratory quinone generally detected in the genus Flavobacterium.
For two-dimensional TLC of polar lipid extracts, chromatographs on silica gel 60 F 254 plates (Merck) were developed with chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/acetic acid/methanol/ water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension. The total lipid profile was confirmed by spraying with molybdatophosphoric acid after performing two-dimensional TLC. To identify specific lipids containing functional groups, ninhydrin, molybdenum blue and a-naphthol solutions were used. The major polar lipids of strain IMCC27201 T were phosphatidylethanolamine, three unidentified aminolipids and two unidentified lipids, a profile similar to those of the genus Flavobacterium (Fig. S2) .
On the basis of 16S rRNA gene phylogeny and chemotaxonomic characteristics, including DNA G+C content, polar lipids and quinone, it was clear that strain IMCC27201 T belonged to the genus Flavobacterium. 16S rRNA gene sequence similarity, low level of DNA-DNA relatedness and many differential phenotypic characteristics between strain IMCC27201
T and other Flavobacterium species showed that strain IMCC27201
T represented a novel species of the genus Flavobacterium. Therefore, the name Flavobacterium inkyongense sp. nov. is proposed to accommodate strain IMCC27201 
